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/n explosive oubetcnce nay be defined as a domical 
system which nay, when subjected to a suitable initial 
impulse, undergo nearly Instantaneous chemical doconpo- 
sitlon or transformation, with ovolutlon of heat and 
forumtion of decomposition products, sor.o of which are 
ascouc. In an explosive redaction, there in nlwcyr a 
sudden rise of pressure, due to the fomatian of ..uses 
end to their expansion by the boat liberated in the re- 
action, 

'there aro included in explosive substances, a wide 
ran^e of uixtures end of homogeneous cheaical compounds • 
In enerel, the explosive reactions to which tliey ^iv© 
rise are characterised cither by an extreccly rapid 
combustion, or by a rearran~ee'ent of molecules, I oh 
roc cods practically 1: spontaneously. 

In explosives for diich the reactions are rapid 
combustion, oxygen is ab ajs present with cnc or more 
combustible elements. The oxy ran is supplied in such 
for os to peirrl t the oxidation or combustion to p- , o- 
ccod without support from outslda sources. This typo 
reaction is true bumlnp, which proceeds froa point to 
point throughout the explosive, accelerated by t' i>*-at 
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and pressure produced. *?fce3e explosivos ere, ttorwfore, 
known cs tfumin.3 explosives, or lev explosives. ** this 
type , black powder and snoireless powder of various c! r a- 
gco aro tyrical. 

Tn s-plcslvce for Ich the reset 1 01:3 sro the ro- 
arrcn.'.enent o'* molecules r roccodln^ practically inste.ot- 
ouoously, oxyc®n ia nearly always present, wit*' .••»*bus<- 
tible oleuenta ouch as carton end hydrogen, bein' sual- 
ly held In the systcr in wrak bonding radicals, s »st 
frequently in tto nitro -roup* In these expire! v 3, the 
cheaical arrangement ia one of unstable equilibri z - and 
t’ e initial iapulso brings about a bi'ca* in t < 3 cra »f 
chemical bonds and a rearrangement of molecules -d.ich 
is so rapid that the evolution of heated gaseous re- 
lucts is practically simultaneous throughout the ness, 
uch explosives arc '*ncran as nrroiArUP or IK'"' sxnlo- 
sives. Oxygen is not an essential part of all det^natinq 
e losivos. Tor extra. lc , the metallic asides, or •weal- 
lio salts of hydronitric acid, such as load aside, v*!ch 
contain no oxy en, are <-ietoaakln^ agents. ' ost »fc*^-t<- 
ln_, a /plosives, such cs are used :cr the -aln ci c in 
torpedoes, nines and ‘i-h explosive projectiles, cs ell 
as In many lor s of lastinp, require for Initi tin. 



3 



their fiction the sudden application of a very strong 
c^ock, such as la given by the Catena tics', of another 
ebar'c in contact with or in close proximity to ti^ • 

This is puls® is usually supplied by a sensitive cetone- 
tin substance , such as fulrsinate of mercury and its 
mixtures, which can be detonated readily by th© a^ li- 
cet ico of heat, 

the devices used to initiate detonation in larger 
charges are callod. detonator*. In sany forza of catena- 
tin'* charges, there is an Intermediate c J 'ar;e or booster, 
between the detonator and the xmin chare©. The booster 
charge contains more explosive than the detonator »a - 
is sric.ll as compared with the main charge, 

.he field of explosives Las advanced considerably 
over the yeers since t**e work of Sobol, A1 enr alth the 
development of oettor explosives cane the necessary work 
and development of defc netore ar-d their effect! wens s. 
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"beery of etrnrtlon 

In the st udy of the theory of detonation, you * 
faced with fc l e probl»~ of study inj a field o r c A lr-t 
of explosives that h**» not been coapletoly invest i t~ 
ted. ’any theories h«ve been trc , ”’fet up nlcn- r!fc*. 
fc H e experimental or M, > -atieal evidence t-> rupj »rt 
H o ides under invest’ * few of the w inter- 

*tin~ cnos, wten an*ly'©d in part and combined v 4 th 
ethers, ehed acne ll®ht <• the phenor'snon we -'.a* 
det 'nation. 

ortho lot *s ” yrl pive &\e R d«cory (5) 

In order to analyse the propagation of an or: le- 
st ve w& vo , the ws.vo is c*> sicer- co c recurring cy lo 
of released and transfer *>d ner^y with four pt • ■ t» 
■chanical to calorific, calorific to chemical (fc ! * 
phaoe In which the potential • n*rjy of tfrie eaplielw 
oaterlal is released), cfar.leel to calorllc, • 1- 
orific to ochoniccl. 

Ai# cycle can • readily un'-e^stcod <>• ir>.;c®t- 
in . how tho explosive -:vc is prcpajtitsd thro.- . t 
cylindrlcal ooluro of a homogeneous oxplosive wit lout 
tt^e loss of crouch eneriy to interrupt prop*c*tl • 
rans format Ion of fcchrcioal nrr. , to i loriflc air y« 



.lien an explosive Htcsiatue, & part of tU .vcutui- 
cal c;icrjy of a laytr cf explosive la conv-x.- in- 
stantly Into heat oner.,' in the adjacent layr - ; - 

uum of the Inpact o.' .locales. he effecieace M t^is 
cw..«rcior» is low— ce -siuly less then 5 r ’£— as tr- ve- 
of the colccoles is racial anti they are onl 
ly confined fcj the la.er of cj plosive in the c- • 

. mechanical ent: 7 itxc is not ccr.v< 1 ted into u*_t 
c.irj exerts pressure ca the confinln ..edlir- *1*. .Uia 
U?e *ea the velicle thr^i ^ which err is i*cc *». *:liabc, 1. 
.t. ro is .ood nason or .* llcvin~ that tlo tLic^co- 
cf the layer of exp loci', e ibat enters into the Ii;eo 
phas of the cycle v«-r»e. witt the r!«yeic»l prop-ic ivi 
cf the explosive e^-: .1, rvinci.elly witL *t' »]£:>• I- 
city aad partly with e • 'loclty 01 the -sc.lt oil*# • t 
are in -olkCalai viurvwir.i , *Le less elastic w-- c- - 
• loalvo eaterial . i* rrater t>«. elocity of f .ba 
toloculoa, the thian- r lb. layer, an- hence t. e oro 
ii '-a the cyclo will r^oux* in a unit I n th of ti*.i . - 
plocive material. 

.*«. ,a formation of aloiifio ne. ;y to . <-ical .. -iy: 
-oae of the calorific nerry of the layer -1 
to owrcooe tue chaA.c-^1 stability of t. o exploai •« 
-eterlal, which naj •'•uv ei-ely, enu thus ; clet-ie ...e 



potential energy of tbr layer; the rest of the calorific 
an© pry is used to accelerate and reinforce tre cal 

action. The layer of erploeive by this tlco Is >v*l- 
oT'ln- a trerteDdous kinetic aner-’y as Is shown In ' V se 
three. 

Transformation of Chemical v to9rrj to Calorific nr^yt 
All axploaivco develop beat on detonatior . Is 
phase is different frees the others because each of those 
represent some kind of kinotic energy derived onfcir ly 
frer the preceding phase, end consequent iy no ono of 
the can have non kino tic energy than the preceding 
phase is capable of tr sferrini. The conversion la 
t’ is phase Is complete because all the potential ener- 
gy released becomes kinetic energy, which Is lar'Oly 
calorific energy# 

'ransfoMetlon of Calorific T nerpy to * echanlcal ’ ner-ys 
/ alaple statement of this phase is that the larger 
voluae of cs ©3 then fox'^d from the layer of explosives 
is in an ertreaoly active state of molecular vibration 
and that these nolocule* arc then ranifestln- their oner- 
cy as nochanical ener-y. The efficiency of conv *3* n 
of celorlo energy to ee^nical energy Is hirh ■'*> se 
t*e conversion la very rapid. 

If teat, such as is .r *oed by the physical reels- 
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tanee of the explosive to o Mow or impact, be a*jrli-d 
indirectly to Mgh explosives, then any sufficient 
blow or inpact will cav.se detonation? that is, it - Ml 
initiate the four- phase * nerry cycle or explosive *«• *). 

Jhis theory was devised about 1GG5 and le etlll 
used in part to explain neny phenomena of detonation. 

In further invest* ration of the theory of dela- 
tion, one finds numerous end vsri ed experiments on cany 
different phases of the subject, 

The crystallo^rapher presents his Ideas and tries 
to ri*ove what the crystal structure of explosives has 
to do with detonation, A view expressed in pa<*r ay 
• cron in 1950, stated that ho had a new theory. rasa 
Ms o^perinents, he found that datenation appears always 
at the end of deflagration and iaraediately after the -iax- 
inuei pressure has boon attained by the pas. le stated 
that he thought the detonation waa caused by \or7 lalpb 
pressure at the be~inulnr nd rapidly increasin pro. j - 
sure at the end of the doflflrrafcion. 

n experinent t ?7 aai and .oodhead in l*Zi, — 
ed that the expansion of the disturbance produce o en 
a cartridge of high explosive, suspended frvely, la ct~ 
onated, occurs in three phases: (1) the Initial phase 



has an alraoat spherical ora, aria in froa tie c* lea of 
tbs cartridge; (2) tbo ' cond phaso lasts until the la- 
t’ rberc© has trove lie 1-123 ops. The -escous J r*>i.e a 
are at first sostly Is*: boss, and fellow the c!*mv «c ve 
at a :radually incresolnc distance. rhe rr* sir** a 
sio© Iron the ends of tbc cartridge causes axial dis- 
tensions of the w&vo, accentuated by a shower of -:olid 
particleo. The gaoes t «n loao their velocity oa fc*;©y 
5 xx with air; (3) tbc wave beeooos snoot h a~nin and 
spherical in t*om, looin* ©locity until it degenerates 
i. to a soiad wave. ?his erperixsent ivea a pfcyaleal 
picture of w*'at occurs in a detonation hut adds very 
little to the knowlod e of the theory. 

"-inetics of crystal rowth and dcccrapositlca w a 
analysed by . . aracr in 1935. He showed tlo nuclear 

rowth in decoe*'osition is considered as a fcronchin- 
structural chain reaction. Iho conclusion rose cl wss 
t* ct the origin of detonation in solids is not a ©« rle 
t eraal effect, but > » -ends on the crystal str'Ctv . 
f.tis experlnont is on taoro of tho nany that surrl; cno 
snail pert to the overall picture of detonation* 

• v o .i*es. ino; rheory of otonation - Ieroy arl K) 
fhi© theory is cay of the more recent ones 
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6t* 3 to covsr -xrv of .4 aarects cf the theory »f 

detonation than .may, 'trl at leapt b in a stroll t 
forward way to postulate a cor.pXcto theory* cfore 
actually reviewing this theory, it is ell to briefly 
look at c. few interest Id i facts about well known clo®- 
ical and physical phcno--»na f-et farl uaea for 
wof to build his theory or. 

Carl taxes exception to the statement of jertU - 
let that: 

"' very explosive reaction al*oal& bo atfcrib*-fc‘ to 
a nreliminary heating, . ich is i^adually transmit, ed 
directly or indirectly, leisin- successively all tie 
rerta of tho oat ter to the temperature of deerr oait . a, 
et.oc';, r^ssure , friction or mechanical of Acts as* > on- 
ly effieaaious by cti.oin this preliMinary beet in. . (Z) 

ihm are three -oinks of Herthelot ’s t< > r, t ! t 
tuc recking theory tries to disprove* Tliey are* 

(a) In ovary crae ©f explosion, there •-•-sat l* <* 
preliminary Leatin. , • l-ich io the means of initietln; 
and traoenittiac the dut nation* 

(b) The soot aochaniaa is involved in dot^~t.jo 
of ; oses , liquids, oth aollds. 

(c) The velocity Is ^ot thought to be deter I.#®.: 
by the physical raturo cf the material* 



• 1 . 

There are outataodin . differences betreon ~s'9, 

11 Quids and solids; tLo rout compressibility cf cccs 
ca coopered to tl o all Ufc compressibility of liquid* 

&n& solids. Another difference is the fact tint o lids 
' r.v© rigidity of shape and even liquids have an Inst-ant- 
onoous rigidity of shape. 

’ xaapleo of effect of '•fcysical condition ere o*o 
by oatoa end ferrofc (f) in tests of ?* latin dyns iit's, 
containing nitro- lyccrlm* and ethvlc.no lycol dl.;I- 
trate. These sonnies t fired after various r< 2 <x»a 
of storage, both in t?.o confined and tho unconfirx . 
condition, vlfeh and » It' oat rrJLain ciar'ca of sUrrr-hfc 
dynamite , yet in almost every caao, tlie rate of detona- 
tion, after store o, -as definitely much less tlan that 
of ti* original sarapl<.-3. 1’ere is an example of chocd- 
cally identical oaterial shoeing different ratios jf 
•ctonation becauso of hyaieal cl an o. 

'any still consider tho rate of detonation < ,oiva- 
1 r.t to the rate of reaction. I'ayes (C) cays: 

"The rapidity of re»ct ' on of an explosive ’T.y b«> 
det» rained directly, by e "oriaent, in l i^fc explosive. 

*" la ia termed tho rate of ’ctonaticn of tie cx-losivo, 
end la a measure of its bricenco". 

'Yon orthelot’s c nclusion that otler thin * a ‘ >in~ 






















































• ft! 






11 






•], the ecraltlren* » : *f errlocive srbsUr’v ’ 13 o 
,-ater tho - cro Lent ♦ ‘••lo-ed v ; the eryloclv' • c- 
tf-'n, ecc -3 t~ bo untr • "?£ t cf tie very sv.3‘.t;tj 

cr -our da ore lew in t~tal cn^r^ • It s a t l at 
t * characteristics of sary : rrloalve can :>o correlsi • 

. ' -on'-rty connote 1 er / r "rerertv. "arl r In 3 
-• t that a Mr’ rate o' Istonafcion dose net *oa ni i<o 
q fcl-rh total pce*r cr ^brtterin effect; nor .rorl 0* - 
? ! tirlty; also low i^rdtian tc^'eraturo does ~>~t 
cat' hi-rh sensitivity to tier r*cr.s cf initiation* 

It Is '’arl’s belief that there la a couplets loci 
cf consistency In ell tbe dsta concernin'; hij! < plo- 
sives . :tc lac* of c nsistency seers to be 4u® In ;*rt 
t ^ the fact that no t. cor tical basis for erp*r!' nt*- 
t * ">n has boon de olo d* 

or the "round cor'.'- of this new "^reshin; ^0*7 
of etoncticn", Vncwlei c cf crystal structure, t sea^th, 
or ruptx're io useful# X-ray study the re \ V.rlty 

cf the crystal let tic- * revealed by ^ra-/ is ' 

;cr* «j -ta. x c lcc on definite structure; rerse- 
ur»ri connected by vaVr>c* forces wilch ere dir ?t - il 
cuvi the crystal *y, for ^.77 considsratlo.'.s , • t*. ovt-d 

« - * larje Dolecul* . 

ran the error! «*sts of re ro arc hern on the cixwrrt* 



■* i*+f *• * • 
» tTfflfl *0W «4M 
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of tho crystal crxl the retire of rupture, io'fe (7) 
cvya s 

"The tonsil strength of single crystals is aV'ot 
tiraes less than the calculated ccxictra for the ce- 
’ooiv© forces and rurfc’jre occurs before an ececutial 
.eviction frerj £001*5 la* can M noticed". 

Joffe finds that rock salt crystals bccorco plastlo 
when imersod in bot water and exhibit strength u£ to 
1C ^3 per 3 q* aou /a cccpored to a strength of .5 
for the ordinary condition. Tie suypests as a ccs 1 v le 
hypothesis the existence of very snail crevices in the 
surface which would cause tie entire load to bo crcrtod 
on a point instead cf on the whole crooc-3ection, 

"ridysen (0) etates that the: 

nT Yacturo occurs in a body when the external condi- 
tions arc altered if all tho atons cannot find new oi- 
tlons, not far from tho orirlnal posit loan, in which 
they will still be subject to ccro not force on the t- 
vorsco". 

rcr s several other experl rsent a conducted, sucl as o herd 
rubber rln broken by liydrostatic pressure, ahTWin;; that 
the break was a-alnst the direction of the atre.se, t^e 
distortions in nolecular arran c onto which are e^frctlve. 
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sad the fact that ©very distance between molecules *s 
been shortened absolute V at the noaent of ru: turc. 

• Lose facts do not ©insistent with theory. rea - 
in oeerre to be not as sinpl® a subject as at first it 
err : Id appear. 

In aoa© crystals there is an internal fores inher- 
ent in the structure of the crystal , which tends to Is- 
f lace the valence forces from their norasl direction. 
7M.3 condition exists in endothermic or unscturat*v con- 
nds. Unsaturation indicates a looccnoso of s ir eture 
cud lack of stability. ? e properties of nany it ora- 

ted or-cnic substances follow the ’strain theory’ of 
Del or. This theory states that a bond tends to lie in 
a straight line joining atcas to atcu , and tho dire ?- 
ticccs of the four bonds orxnatia^ froB a single c*.boa 
atom are those do ter 1 nec by tetrahedral • 

\eaover these bonds aro forced out of these pos’tiois, 
there is supposed to be a state of strain which aeai- 
feets itself through instability cad general character- 
istics of un saturation. 

This internal strain accounts for the enorry x*t- 
leesed by the endothermic expounds when they br a* 
down, and shows up as <tk wt on unsaturated co $ •-c'.us 
bum. /a an example, Wen a conpound like ethane . s 



t :• coroondioxide and wnfrrr, tbe calorics Ccvelo o la 
leoc than the number ove loped by tbo combustion of the 
©1 oents that aa o ip t c methane raoloculo. n acety- 
lene fcwnt, the heat produced far e^cooda that produc- 
ed by combustion of an equivalent quantity of tbe cm- 
etltuent oloraents. Tbe difference Is found to «<, In 
the first care, in the energy required to break ti o 
vclcnce bonda; end in the second case, the energy ~iv n 
off when internal strain is released. 'toe enriof: («) 
"In Intorpretirv? these facta, it la necos^tirr to 
esr-ne not that energy ic required to 'ore a tbe c • f lo 
bond between the carbon atoms, but that energy is ac- 
tually sot free Curl : r. this jtoocss. "This rtlffc . so 
baa been ex lalned by supposing t‘ at a certain c r e 
o: tension is developed within the molecule by tfr ■> onion 
of tbe second pair of valencies of carbon to for** a 
arable bond, and that s c’ an atonic arran f-aent -oat, 
therefore, be reraruou as represent! r.- a definite amount 
of stored up checi cal ener& • If the equilibria in a 
system of this kind Is disturbed in any way, tb* • i v»«*r*y 
it set fro©. Thus, in tl e process of b rnin~, it eppeora 
ea beat and serves to increase the total beat of co v* 3- 
ti'wj of tbe substance* . 
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Sooo syataae , when slightly disturbed, way revert 
back to the serao state of rest, while ethers. If large- 
ly disturbed, say proceed toward sene entirely now con- 
dition of equilibriuez* jergy required to release a 
crystal from its original '"ora a ay vary with different 
c^*"ounds, fro- a r&t'ver laryc rsa-.nitude to aero * s a 
li_r.it , end so with the cndoti^eraic compound, its sta- 
bility say approach aero as a Halt* A ood ixa; lo 
of this is nitrogen lo idc, which is stable when k?^.fc 
wider rater, but expiv.es spontaneously when dry, his 
en dot hemic condition ia found in aoat initiators of 
fetonatioo, and Is probably a cost important priso con- 
dition for auch agents, A sudden disturbance of a crys- 
tal or part of a crystal, such as breaking, racy allow 
the strain to disappear with tbo velocity of sound, and 
thereby transmit the disturbance to surx'cr.aidin: crys- 
tals, 

With the krowlci^o of tho nateriol just pres«p«ited, 
the theory of Detonation , *roposed by Leroy '"arl w y bo 
exfunined with cone xsiderctsndlny, 

rhis theory states that detonation is fclw pro roso- 
ire * reeking of the valetur* ben s of a material, a 
stress which is transsdtted tbrou h tho material ? * an 
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elastic wave, airr* lar to a sound wave. Tills a*cnd wave 
la of such Intensity as to destroy the structure of tt* 
material. There Is 9 *re distinction between this t / ' 
of wav© and an ordinary -and wave, the parti cl ®s * nvo 
* to end fro -g r r e a ent , w^rc as, In this typo of ~o % 
in ■ etonation, t^cre in no return notion of the parti- 
cles carried forward r r the wave, because of the c~l- 
la**e of the material, by the extremely hl~h rrosawre 
r *rodueed behind the crest of the wavo, rod by fct o re- 
eo-’bination of the elements which had constituted t^o 
twnloeive. 

?he ability of a ratcrial to transmit this stress 
till depend ui~on the ol* otic nature of the materiel, 

optlcua condition for t 1 e trar.snleolon of t' e break- 
in'' wave la a material ~hic K is perfectly elastic, end 
which requires only a sli'ht die tort ic*n to cause a h-naV- 
do«n, r 'hua f it is seen a oerfect cryotrl atmi^.i t^e 
r-cnro3t approach to thc-r qualities. Materials * ' 
ere soft, plastic or fluid, tend to damp out clastic 
■we *os end havo a similar tr "coney with detonation. 

The energy associat'd with this brea’-in** la 

cronted by the relec*® of -asea and heat; th'a cinttlna 
the wave aa a continuous coepresslon instead of c cc— 
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yxvasion «« . «rif«tlon of .oond ««. 

The source of suoh energy csay be t**e release of 
strains already existent in the mteriela; never*! «leea , 
soae assistance froa an octal do force is usually requir- 
« . *’ost Initiatin'- or prinery detcnotlns coupons s ^e«* 
loop to this cls.cs. They arc rare oat oriels wfcict nr© 
abeolutoly necessary for th© utilisation of the cort-on 
high explosive*. The initiating inpulse -or this type 
of cocround, may be a rise of teeperature , Impact, rlc- 
tien, the breaking of « crystal, or even allotsrln the 
sur ace to become dry. 

he stress -which is fcransaitted and which cau -es 
the disruption of tho material , Is not tie explosion 
nor the direct cause of the explosion, but merely tie 
disturbance which releases the union between the a teas 
of the explosive coapo;»d, thus allowing then to ro-co.i~ 
bine, in a x>re stable fora, with the resultant release 
of oocrjy. This oan be looked et as tho distinction be- 
tween the endotheraic and the exothermic compounds. n- 
dot hemic cotapoisxia os s ess a lor ,e part of their energy 
in their strueture anu, therefore, release this cncr y, 
due to structure, instantaneously upon destruction o J tho 
for*. Tils characteristic ree'-es then effective 13 ini- 
tiators of detonation. Tn the other band, the exothermic 
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conpounds require expenditure of energy for the destruc- 
tion of their fort? end derive a larger proportion of 
their oner.37 free the recombination of their ©lersonts in 
the no re stable condition* 

The speed of the detonation wave is controlled by 
the physical condition of tho oedlusa, in the eor» u cj 
as the rate of sound is determined by the *-hyaleel con- 
stants. .Is© violence of the reaction followin': tie wave 
is dependent alrsost entirely upon the ohec&cal nature 
of tho cater! al left by the wave, or core exactly, the 
^rouuct a of detonation. 

The distortion which brings about the brookin'’ , 
carries a portion of the nateriol forward and boc* so of 
the intense pressure -one rated behind tho wave, the book- 
ward nsovecont of the nedlun is prevented. This phenomenon 
tends to increase the speed of tho wave front. This ef- 
feot explains tho fact that the rate of detonation in- 
creases nore rapidly with tho increase of density, in on 
intone it 1 vo than in a sensitive explosive. The insensitive 
nateriol cust be distorted and coved forward to a rector 
extent, than tho sensitive material, before hreain; occurs. 
Thcro are two factors aotin/ to causs hicher rate of 'etona- 
tlon at higher densities! 

(a) The increased rate of sound at higher entitles. 



• € v 






«» 




































10 






(b) 7h© o'Tcct of the distortion of tho natcr' 1 '!, 

"be forward rcve-icnt of tho material, due to tie 43 ct> 
tlco of tho dot or at I'd , n if fora fron that cr \ by 

oound, by be ins a uni*'* recti oral wowaent . ?he *selec -loo 
tavo collapsed end the »» nervy for the continuation of the 
wave Is ."umlsl.cd by tho 'cscs end boat liberated by the 
brook-down or by tho ro-cxibination cf the elci'ents after 
the breab-down, 

i*aa those facts, arl pro cent a tfco follcrln # or- 
rula for tho straight line representing tho rate of caten- 
ation* 

y S9 (c + B l ) x 

a - representing the constant by which the rate o * sound 
increases with Incroercd density; 

e* - representing the c ‘ tent by which the collapoo of 
tlo noloculo increases t’-o rate through tho ex; lor 
^Tjcriaental evaluation of b has ^oen found for vnr us 
explosive detonatin' cr^ounds and t s e results rwi to 
follow the *trai~ht line predicted, Ckrl (4) scye: 

*Xn the accspttc.co of this brcalrin- theory, the 
aoat outetandin;; quality of explosives is sensitivity . 

a quality can be ^ost ofinitoly correlated with the 
rate of detonation and thet tho sensitivity to detonation 






















* «■>! 




e 






it very definitely c f . ct*d by the following facto: si 

(a) Terfect crystals and ot'-er perfectly ©lc.ot c 
*w teriala are the aoofc a.jecepfclble or sensitive to 
detonation and propagate the wave frith the closest ad- 
herence to the straight line eurve. 

(b) huateriala which fcro lon^ and cocplex * ulc« 
culea realat the Initiation and pro pa at ion of otone- 
tion. 

(c) Cnall caounts of iopurities have a irccfc ef- 
fect on seneltlvity. 

(d) the condition of the surface of notorial© y 
ecldedly influence their sensitivity to detonatloe?. 

(e) Liquids eeeet to resist ctonation, duo « ~.ly 
to fcbalr lac of rigidity, 

(f) rosspounds nay be classified as exothermic and 
endot hemic and the sensitivity cf the two are rc^ical- 
ly different, Both types of compounds ahow surface 
instability, fhe endot >orcdc caterlala are tbo >ly 
types that possess tbs internal strain” . 

In conclusion, this theory otatea that the power of t : o 
©hat erinj effect of explosive a does not depend upor* the 
rfte of detonation. or oca the total heat cf explo- 
sion show t e nature of the explosive. One nuat e;u JLno 
the heat of explosion fro- its basic ccuso; sc-v c $ 
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froa heat formation, t e rest frcn the re- c ':incion 
of the products of dotonefcion* 

'coy people nay not opree with severe! of t!« points 
brou fct out in this theory by Carl, "no thing »«.--• to 
•» true though, and that is fella theory does coll-xA in 
on© : lace, cany of the rroblec^ end aspects of the . o:>ry 
of detonation* '‘no fact to to coined roc; this V * :rj 
is t^sfe a person tasdertoJrlns Amdarjontal rescarcl ’n this 
'laid, has see© definite ; oints to begin vlth, 
tLou either rule out parts of this theory as Incocpatl- 
1© with erpei*l cntol cote, or accept tic * 



. £2 . 



Sfcrf ti fcl - of otonatei-a 

The detonators r*r*r*!ly "aimifcct'.rtd tOv_s :* 

*G 3 1 ~natod es Ton. G and C. ' thor lades are j?: 
rerely and us ally fop c Dedal purposes. 75-© fi urr 
doci ■netinp tbo also of the detonator, refers to 2 v .j 
strength G3 compared uH’ that of standard del >nct * r- 1 
that contain ncrcury 0 1: I:: ate. The followin' tabula- 
tion clows tho chargee correayandiny to the various 
orl -Inal 'redes : 

"rude l,o. Trar c in ye a 



1 


C.DO 


2 


0.4c 


5 


c.D4 


4 


0.C5 


5 


o.ao 


C 


1.00 


C-l/2 


l.CG 


7 


l.G 


G 


2. 


0 


2. DC 


1C 


3. 



standard c ar^fca . ave heon oitlcr (a) G-/~ «-f- 

cury fulminate - pota* slvu; chlorate, (b) C /l srj - 



vc mum 
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fulninato - pot&ssi-.r cM*rc.fce, or (c) 1*' per c< it 
• re -IT fulninat®. fixtures represented Vy {«' -* i 

(b) have been c:‘ -on. ^cr'cs (c) he# been rare. 

It la custoeaary to ‘©fine t: © Initiatin' - * r **»r 
(stren fch) of a detonator In tcrrris of the test used* 

” 00 , t' © strength of a 'o, 6 detonator rsay be defined 
e.o ono that la not Inferior in Initiating yotrev to a 
defc .viator containing 1 res of a slxturc of °C per *• nt 
« rcury fulninate and C ' per cent potass ivn cMorat®. 

Four ccerron tostc aro employed for doteradnln ** ti ls 
strength. 

1* 7 TT? - Iron oxide Insensitive powder test. 

Although tino-conoirrfn**, this test is be Hex- “ b; 
so to be reliable. Tfc lo used In certain “o ew it 
specifications for detonators. 

2. ''and test 

f is tost la x>re repid end gives .ood ro~rc« 

bility (11). 

3. Lead-plat© t st 

Ms test la t? e *oot rapid and Is, tbeieTo?*, \»td 
jadnclpally for control ^ork. owever, the ros Its are 
>erd to correlate as eri&cnoed by th« difficulty tlet 
’eo been experienced In < i*tebllshl»g c cot of it?-*: ^rd 



load plates (ill)* mo results ay even be xisl 
a acosuro of strength, because the sixo of tio bole re- 
duced la profoundly Influenced by motors sue? ns tbe 
shape sod dioneter of the tot ton of the detonator and 
the nature of conftnenent of tbe ©nploelve atone with- 
in the datcaator* 

4. Pteall Transl lee -block test 
^bia tost is not widoly used, although it <-ire* a 
fair Measure of the relative strength of a detonai >r. 

©cause it la a aeri ^ue defect for a detonator to 
have less than its desin steC strer^th and an as*’Ot to 
have slightly rcator strength, aoat detectors are 
aade stronger than their csl| noted gram* /or c * ■%o: le , 
isony I.o. 6 detonators s‘ ow a strength cs dot* rained by 
one of the above tests, m lal to a ITo* 7 or even a o. 

9 detonator* 

ryr -Inn '"tel o vpc positive ,,’ost 

The ; Tocedurc for tfcle teat la as follows i 
different blends of r.r-lron oxide , each varyln. by cco 
per cent of iron oxide, are carefully prepared by a • 1. h- 
In~ the constituents, mlxin'j, and repeat<cily eereeoln^. 

-Ired powder ia tarred uniformly into 1-3/2 - 4 inch 
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cartrld*ea, each weighin' 7* n is. dieae cartri^-oe 
are then fired b 7 the detonator ur/er teat, wide: ^ In- 

serted In the usual tamer In the end of the eartrl . ) e 
ru* pended vertically In air. *ho bio n da of - , r on 

oa’do that produce 2 r. neecutiva dot i fit Ions *■ 
ccneeeutive failures , arc determined. t r additive, 2 
trials are acdo for ©so' intermediate '■•lend. ’ • Iron 

oxi-e content of the corresponding blends la tcVer '..o a 
sr>aeure of the strength of the detonator. cncrolly, 
the tano procedure la earrled out with a standard <tat tea- 
tor for comparison purpose 3. Xnaaauc’ as It is cloi-aO 
that weather conditions affect the results, it 4 a gt 
to aai:o all Sl^e trials on tho ccsae day. 

le tp : - eat (11) 

Ito lead-plate teat, nail test, enu otters, *H 
on the ^.ectanical cifects ri^duced by a 

■j' t j*>ators j laced In ccitain definite ^cslticv.a .tilatlvs 
to the rjaterial to j. ac* - on. In t Itsd-.loc vost, 
tlx detonator is closely % unrounded by the lei- , 

\t . ich it acta, it the r> lta of c. pi-rlsona o v . wd 
wit V. is test fail to c‘- that the t; ; is & M « 1© 
j** for uetev.^inlrc r letive • fficltRcIt-? r *.i a- 

tOTS. 
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In IS 10, • C* ellln„, tten an o^losivca c 1 <r>- 

lot of tbo furcau of JLry. a, Revised a direct •: >t' -b for 
testin': the strength of detonators. rhis strength .o- 
pende co the esetont to *^ eb a hard, brittle net ; i*-l 
of ueiforns ..rcnulat*on f , -'i»a pulverised by the •jq'loelcn 
of the detonator chcr~e* lie let one. tor was place in a 
suitable borab, which •»3 t en partly filled with e Ivon 
quantity of ordinary, clean, -ry send of 4ii ozw 
-rerrulation (2^ to 4 mosh). the detonator* was tuc 
fired end tho degree of the result in diointe .ration or 
pulverisation of the cand was detexained by re* vi*g 
the iand from the boob and sifting It through a ooyies 
o» standard sieves* -he total quantity of ectnu r e ‘Sin^ 
through the 40-raech sieve varied with detonators of dif- 
ferent cor crcial gredea, but was rorjarUably uaifeiw 
for detonators of the onao grade* 

r estilte from this teat indicated that the method 
offered a convenient fund accurate neans of dot* ruining 
the relative strength of detonators, in spite of tl>- fact 
that as it ooasuroC only ti e physical effects rro-^v : 
by the detonator, it appeared to >o subject to ‘.oat of 
the objections t at bar* •.eu aavanoed conot-mln ^ aj 
of the direct ->etLiOde et test in: ♦ 

->e «ethod of procedure is the sane for tectJu; 



either electric 'etcc.*t"*rs '■'r ordinary ‘etmatost. 
detonator Is r Ircd in a rorri-*tely tie center c # * -* ja 
ef 1 ’ era — of ties st *>l*rC sand. Ttcr the er ,, 

tie co er of the Vs »h a r^jao -t* end tbo a an. ia *^= ( tied 
on to a larye sheet :>f It :ed layer, -he elect ric 
ator le^a or tbo efrerre.* fuco, to other 1th on. i lor o 
".'^ jcnta of tbo coy *r shell, arc rejected *ft«r any 
< i crlnp sand las been r. orod iron the®, and tbo *ctlr*e 
c* z ,* e o'* canu Is c&rvf lly sifted through o neat *f 
cio-es. The sand sho Id not be rubbed ith tLe l •>.. , 
as such treatment wool forco throufh U;q ale •» parti- 
cles that wo did otherwic# reastln on the clove, '.tor 
the screening is ccmleto, the separate 'racticns of 
the viand resaclning In each sieve and in the hot loo trey, 
nr*. ~nptied onto e.joll *te©ts of glased paper, tn..4jft.r- 
red o-arcttaly to a • * in secep, and wei Jo< . 

' any aoriec of testa have be*, n carried oat on c 9 - 
v*rcial detonators i.’K it s- as to be t^e bett t' t for 
accurately aeftsurin Uo wOt oustin', offieieaey of a 
•j-t*nctor. ven thou 1 you cannot apply directly i«y 
of the theories of et -fction to this spcc fic u» it «*xd 
t'. :s ojplaln why it .l.ci the results it Coos, sees 
* re why there have tee* so many aried tests us* for 
detonators. This tost t.vsy still le one of 



re liable to give the m.-.r to Low efficient ;cvr ri- 
ot or is in doiir; the Jo*. It has teen deal joed fer e.»i 
t.at is ccnplete detonati^ of the hi.b exploslT- . 

lead Into ^eat (1^) 

''tie of tho early tew to for «'~aluatin^ efficiency 
of c detonator was t e load plat© teat end con-iists of 
firin? a detonator w!.ile s< ported in a ert leal „ si- 
ti'n, its ’case reotin on the center of a lead tleie 
about 1 - 3/2 in* square by z/l 0 in. tflc . ?to aj.^eer- 
ftnee of the lead plate aftvr the detonator is fire’, 
furnishes a pictorial representation of tbs o*plosT e 
action of the detonator charge. In the cantor of J o 
plate, at the point of contact with tic lose of ti.o 
ot>nator, there occurs a depre osion which is - -.V nt 
for depth both upon the oiae and quality of tb< ^fcone- 
t >r. caliatim frees t:«is central depression or perfora- 
tion, a o the ca o ~ay U , are numerous striatio-na :f 
fine dotted lines* eso striations constitute tie z*al 
index to the quality o tie detonator and the < r l^si o 
o foct of its coepositi 1 . ach dot od line is il rc- 
s -It of a glancing blow it licted b , a single article 
of tie detonator SiOll* 

The detonation of a ood quality f Iminato <' . r- 


































• n 





cury char e bursts th? b!jo 11 rail Into inr.vraera If cr..- 
o*:_tric ring©, each of wMch In turn, si at cro- L Xr. 
iwt* rous aoall ftwjaenfcs, /a the quality of e f 1 -lnata 
of .ercury detoaator Is 1 *cr©d f tbs ci~e* of tu j «ill 
fx^acnts be coco* lar er, uue to a less trasqvx action 
of the explosive charge, • r.u the radial otriotirn* ro 
the load plate tend to ^ re - la cod by lar'O it tin c t 
splotches at Irroulnr intorvala on the face o r t* 

I-* d plato, tlese pit tin a being caused by the lar © 
f e- ento free the jet seat or ca^o. If tie 6etao*u-r la 
a(‘ a very low quality, due to prolonged e pos.ure 
noictu re, a defective uxxcu o of fulminate, a faulty d>- 
ture, or any other ce oe, so that it nay bo practically 
wort hie gs for detonatin' powders, it will not stat r 
the shell into niraerouo sr»ll fra^aenta, but will no ro- 
ly rupture the casln into a snail n ssbor of br >ad strips, 
•itfc thio detonator, t’lere are only a few broa 1 *, ribbon- 
11* • irpressions radiatin’ r on on alnost lapereo title 
•wrression whore the detonator was in contact with he 
1* d plate, 

"or ccnvonisnco, *e- arious rau-ati-ns o * "-Idty 
or e ton at ora are classified accoi-dinr to six different 
standards, efcic* ere in "uro deaicnatod by the :1:*wt sir 
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l*t' era cf the clphabe . ' heir, taken as 1 ' -ts. 

m ■ quality, 

ablo I ; hows a t*.u;lated description o/ l*»i» , lates. 



■"lassTiT- - 
or tier: 


uality 


IrZcntabTon - 


“^cTTToe“ 
or plate 


iadia- 
tigp . 


T3TOEr 

5a"< 


A 


' ood 


Deep, often 
ponotrutin^ 
plate 


reeled 


lot, 

lanif^r© 


none 


■ 


~ood 


oo 


do 


da 


vW, 

*3411 


$ 


nsir 


do 


do 


mo© 


larqe 

deep 


A 


*ed 


broad, 

sijallow 


none 


none 


do 


• 


Sad 


email, 
a Allow 


none 


none 


do 


r a 


~&d 


snail, stal- none 
low and cov- 
ered try re- 
ri&lno of shell 


non f 


do 



1 set of standard lee . jlrtea ar© used, which re r ents 
the best Jucysont a'-allable fro® several years -: • -:tb 
intensive e- perienco t' 'ul^inete cetonutors « . • «*2ao 

C' tonal ve e peri-cnti.l ioi - with other initictin. - 
PWV40-S. 1 quijped wit’ • of the^e 5 v «:i.V r :« : c 

t* UlftUi sot of he *- • • • ; s -ript* .cs , on^ - r* : I 
w.; lo to deterad.no the q*rdity of tie - tone tor is 

*lE5 . 
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if wo l~©i at tbo *t ot*on of * -I !: er;lf<i - 
c.3 *' inr tree ! t « t the ssdden i ulco cf f '« 

e ~ator, ww sec t’ •% distinct f* ctcre ent* r nte 
the devdlo -:?ent an . errli »t on of this i ; . • s* 

•r* q 1c ness or briefeaecc, i no ■trenfftb* 

-ost;n® detonator, it is lr.r >s«lble to Isolate t « <. 
tw > factors, 

•elocity of tt© c leal react 'cno invol'r* 1: a 
ctlcn of the quiefcn ss, whilo t o totel Tcltrw* of 
t!<” ~as«ous coc±<uati *n r redacts is c. function o* r : 
Bfcrcn th. feiiy eeojx> r» « irht *© c.-te , -Mel exeel 
fn-dnate cf nercury in strength but w ich are eel-- is 
for ^- tonatiR rposet; elso saany cvx-cunda ri|tA *» 
rationed which excel in ulckness but which sre tly 
1'ifcrior to fulr?’nc.te in i'>itictin v r l , 

tte lead 'late t»st 1: essentially a ■fetworw of 
an'e-ness. cnc of t v e intoreetin? factor tit c :• *»t 
the eTiciency of a c 't- • « or, os c • .■crt by tie Iced 
1 o tests, ere air* v* e» er , olot*jj' , ' 

c-. .lorotu content, Ikj tJUv c c ells, <-f • *• ir. 

'tt • * t nator shells. 

.*.« »lc «-nt of qulc a in tLjinate of ~ ic . 

;lfet Rotors x-3 not ttry . r*atly with the sli^r .*> t. .* 



. • i*f« , t-** leec ;lete t« t .»•<- >* 

Mto variation in **i M t of o. 

iolatore lo really cdaittod to v c T" t*it 

•ooi.-' •? officiant ■. m 's-'++%avo. f -n »1 ccfc f *lo 

-^iaturo content is 'Mfflcient to isspalr s r' *u«t - , t* • 
**t_llt 7 to » -t-^ate -c^ai crrloclveo. 

bo otolla of 0*1 c^'ftrc'al tonat'r3 trsr ■ 
'■‘•-•'''-like Inde-tation 1 or t#n<i3 t 1* rove tv* * vllty 
or the lead -lot© test («*) ' oth fy ren erin the re*, ia- 
finer and »ro z- ,r -yr~. and '*y ec.?sin dc • In- 
slant ioD. 

03© of the fvw obj* - ". . xjc adver ce a slowt the 1"*!\ 
rlo * totfc, *©3 tie *ll*f f r *• ,r -e quality of t' k "t 
is roafcl. yj its* t«e.rd»oeo or » -f 

tU. .atcr cf ol 1. eas r roved false by a eei^e*. 

of *-»sts usin* dli V : *o»t 'cri’ es: of tbo • ■*'•11 

it-elf. 

->e Traur l '<•• ~ loc f «t (IS) 

"he tra’-yl test ~ irc3 the c^-'nratl lsry^ivo 
;*> r of or lost vc n t* cn iro«' unc. r s* .ot •' rs t * ■ ' v— 

"n •*> In t'. « t t, i , *al >i it ,r tV.ff«rv .t 
losivea are C' ft - *r. '-ere t -1' o' definite i on- 

i*Ta, -ede in lee - - >1 * ot* of rrtocr’h*- *! rtot^r, V: 



of a fixe-w. qu—.t ij o: «tv 4 *tn ; a.;- > 4 . . *. -i« 

. . , civ «x>loa*>- ««um >? aia-ler Jrs,* 

!a fc.J .8 test, ever, -- -• ic alike , exempt :>* • c. ra- 

tes' of tho isr;.loaiTra 'eh aro lela., c • p* 
jD^are oP the tOGt . e J-o vol\-« by whlct tl* c-v.ty 
Is t:<» . loc la Inert ' 1 - exacts© o r the prec 5 cxrrt- 
<3 ■ the cx'.loa'on . -c* t'» © de rex of confine' •. «c to 

mi leh the c , 1 slve ic u *octed rj t:-o q tnfciu. . 1 . i< - 

eta ’eae. , cad tho fi;*x.- »a with *hia: tt ia etc-. is 
• 

C . liner ic cl la^d Hoc s C* .in »-*- 

. in height are • cv . tolo 2d 1 .la thfirvter 

u»u 125 . in a£;.th .’j it*-*? ceo trail; in the :*rt 

ef cc.ci bloa* , 

he ber© l-xl^ . . * h ^ c>li* -*-r to ** . - , iv 

ae*jicrcd by ncens of m- tar *0 a to aeco:tain 1 v ,r ^‘» 

In cubic centimeters ».w cuoic inches. 

-lie explosive to tooted is laced in o,«n a 
a x. 7 oloctr^c ^tu*ttor Is ; laced in to* - 1 * 

of this charge* About ■ v cc, of dry ou.jc! arc jc.rei !ofco 
tfcr boro hole enu ojo-t tt^e lore of the wet -•vbE‘ 2 * jb 
ta^» 2 with c ter in - vim . He ctcr t 1. £ ircc w*.d 
tJb# cavity In tl lc~* .« tl on vasuro- »ltL * a* ,r «ad 
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fcfcc increrao in voi >s • la i /certain**. with j r* 

■ '• ■* toXtjm iCt of u t oetc^ator alon* w*t- ; - 
-iru. . on ean<S alone cr. t? effect v • eul^r- *©■ 
roc tho -ot-nator ■ *lro teat* , thu3 ivi»*_ L *■ *; • 

- ' ' of the eaeploaivo t is a*j rd in t.'.* ra— 

3ac*l block. 

:.ilo these four tojts Vet hav* t •• n jus ilww. 
arc Jtill used to tb* strength of *atc« • Ue* , 

e:?ylcaive-tf sfcin • •. vm-= »v< Ion. s - he, < ft'dJ.a. 

aotory test cr -%•: a.: . (iuentitativ* 1;- t «* ' > <. n. 

a *: icienc7 or strci & f w J etonctoz , a • hi- -«*« .-»rw*.t:t 

about by numerous jer»l"f«wBte aria i'^rc L* iWtocs- 

bfcore durin; the r^et . - -a. 

*ost of tl»© tout*- • rat of ore proposed for •ec’- 
Lv the strength of 4*t .ators mve i.ad c > a ivKo.'! 
Oallcicncy. enorallv, tWl? valu* la aao* If* v.tter 
C aolute or roletivo av ti/.tinr « : ic leper h-.* .. iioobt- 

INaL, wHlo those fee tc»t; that were liovec aotfAlly 
to ©valurte relative iniM*tin officiary eev< calt 

on cuahereoMC to perf-r . 

it la a -lovn 'ret tu_*fe »iw 57 os^ilosivea eill 
et.*. bt different ret- •«, » • nJin*; u.m tl.o <«* -r • 



»r 






•cr e 



1 *. «■ 
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l* fc 'WJttor be too low a s 'rcn^th for tt o errlos . i ••■d, 
tt© explosivo rill have • Incce:; let© tonati-'**' 
reaoltin' forco of the ©*- loeion will o -ud l*»rc -r -n 
H-* of •-zplcs'—' • '"•Id ~iec. '.c-* ' , *r* , *« e 

sf -y! -r Inrortrnco * detorotor - -*•>'- - - - 1 

t 1 *• ri.nit -t2 Inlti®tin rflclrnoy require^ .'- 1 * a * - 

-•lNt© catenation. ' ** tt*>r to ms# cm »v»v?«r*d 

J *><. "e^tcr am-' insure - T, -h 3trcn~tl for t! .o I or- 

-4T ' tonfftlon -'OC’ iblw. 

o*wrd thla end -tbln; a s^tlsfa^tor? 
s'** - ciency tost for fct castor*, tbo i-’inet-irc-'*'"^ © 

tcet woo "vlsod. * i o fc nst io >rs»* 1 -n tte f , itQi 

'•norally accc-*-'-** ^ '•opt tb**t tN* nMl'ty o*f a 
3* tester to initiate w 'nocnoitive e-r-looi*^ 
t ■' ’ 9 tbe **»**c’ of coc-ins it*' * r 1- 

repro^ rt a w" ** ran *e of f o#* oa?tiv* • ~- 

ires , vur' 0"2 rslwt’ -*f iron r '-’i V* •»> r* •*' - c» 

M for tbe * tv-* . ' ^ ort^nt ?c“ » 

in th- • ina-'-a c 1 oa i v© \* t rare' * / A-o 

>*! t of rand c rv» f e * ■ r_- of Wry# •• • 

' ■' !niaturc certr* ~~ '' -a, cascnt • "'’l' • r ~ 

iwc* eberj© of a c« re* dl? c"otr^ll««i 1 -n ©*-* 1: 

►•'ir* in « s %11 -*v- • avinr on toato# !*«#t t . f 



■>:»<— half inei-. e •« -ii'-antal toe -ni-ioo tu — e: — 

. « ft vmta cx )S f-.'.nr- 8 *? t O • l'ju tcct a:C 
Imd oxide intensities jaguar tost. A urAq^s t 
cud:x*led in tLo <5inia . , cartridge t-. at is t! •< « - 
tim. tioo of a detaoat r "Mari.' . TtAs acfeitvi ; i x - - 
j —e m nt of tbe actual resultant effect of tic -cl:...- 
t*r in producin’ a ,:v t.r or looccr decree cf > 
fcioo in an Insensitive ex losivc . 

lie important car.sI-*ratlcoa, not freretcfci u.i l- 
i Iciontly eapJuisize- in c*t 'natcr tento, irvix : •». 
mentally confirmed an- Luc<- r. orated in tils tost. 

fb© first of the*' i» t!e fact tLat t hr • *c JLr. 
sWiroifcy of an insensitive *. loalvo, ca a&o *. 

a "Vf-iron oxi'o olrtn:* , ~- 8 t Vo or rc fully con,r . • 

»ltMn certain Units, cs tie packing dens it; >f *- 1 - 

Iren o'-ice fixture incr -coo, its expletive, . sr.r, cu 
t»-\>urcd fc7 it 3 ca . t.LIn, capacity, iccx-rc* is : r ; - 

ly. ifcckln^ density oas ixpfc rltfcin #C 4 J_. ~V. 
cu. io ccntiact*r. 

iLo soccnd one ..*c L*& insensitive ©34 lcsiiec 

ai% eav able of all dc x^c of partial datonafcl"u, .0- 
p^.-.dir^ on tbe ioitla- ; efficiency cf t!e del . 1 . 2 

- ..C . . 



"'■© tac’ r * sir-rllficd rout! tv t« srt <?■ - 
riot:, s riefl 7 , of 1.* La: o C— , r f 1 cbarj® :*f *> — 

•oy? 'J3 TC-iron ozl- e ■ lrtoara into a careful : 

^ ~^r cartrld-o l/2 IncL -laid© dlesotor r*c 1 2~l/4 inches 
. ':o f'ftc'- in *• r»itj is corstant, and - oe 't t»»- 

T *rr 1* insert**: to s:~' ■ cs to rrod* "< •«- * rr 

ivtistion. 0 -in' a*.'* ** ©artrlde tJ*is *.3 1 , is 

fir* ' in tho carter of 1, ran® of the r-pn 

In a st ol bonT 5 inci • 9 'nab 1 © dierrot'r. T n *< c 
« Lich ■a5*r* t' v *• a ” 0 * Z 1 ' . . eta: w * loo 

a-TT-rri, ronre ‘-’rts t v c - »j pclwrleod *- 7 - tic ' 

-rrj.> ont thB d^to'J • ren t^is valua is 1 

'.*■* * tons tor ’-Ian 1 - , r Ic:. ie retain©-' •• t *••■•* 1 <- '*r- 
-n a dniaturo cart* : •• cortAinin- 5 t- a of 
iron 02 I do end tbo atou i>r. *> *1 i© of m »■: s^rai 

t’MB drived, Treprot' uta t c I-.itiatins offlole*. m r 
»>tonator* Ttds Leltiafcin? efficiency it ' l .. c » - 
r»l«ti^ly wit' M r of a s dta lo r». fer" »* 

'7 the uni quo o:©rrt»on of e rfcracttcr : t*. ct n 
no? >la r , tlo ^Iniet'A** ~c*rtrl> o t« rt iocor • «»3 ti ® 

7 r”:iCi r le that the Vsljrd y e. turn— nt Is osfc t' • r>rco 
of t'^a dote* at or its- If , •:* the res It ant rffcotj *. o 

ij^t^n^tor in *> — •■> clr r -ct"r or l-"' r r © * f 









tlon in an OAj'loeivo. 

Vfl' • m ^oatoro 

' incc U*e time of c ol , fug© tonatore 1 v 
*l- : • crtcnt place in - « 'lold of erploolven. 

c->t only f« e In tl>: for: o. co; <r, copper ell , 

or C-o^.tiaoo &lwi3n*s» tv -• ebo.it 2/4 incL in 1 

t>: , roxixactely l-l/l x-o 2 inebeo in lcnptt., rili» <.« 

rpu clos"*- (15), sloped *r*H echoing t<« ; *4 

cijOi-rii o. Initiat n &r. lotivi, -- ^rcas tl« o«n or ''on 
!• ioioiK*ed to roe* . •> - *. »,!>J if c len;ib of eafefcv c V « 

’ e «6tol ceain . r*. tl< . -toniitor Is c-^t fi?- lie. 

t'e o. oil so*- Id .C-* -tenrln , fir: t a cu, a 

I .'co of flat co;ioi . ffttr c... .ealin „, t<»© cu„ .•> - zni 
t* t o dosirod tLicInx . : rod lo.i^t' in a etc< rj ' ,i> 11- 
'rerln; ^aebinas. (1<) 

”\iao tone tor* c ww.ijnln; lan^r reinforcis. p* 

eul**., usually nace of > or or copper alloy, 1 * .« -*«o 
i ito tide u*e. one sa U Inj oc ,!u a inen vs* 
r*c cnical stren th of t' < detonator, t ereoy Jaorr irinc 
t**» sensitivity t rc r;.i :npcct; tlx- i Iso .:x »o 
tve *o roe of c ul i-od ai»l in foeualn.. < va- 

t* c» .7 a • , bet; of v :oi acreage tbo it - ' . 

of t< • «t< .<it?r, .c c - cep;" l* n ’* • - — 



II ^ arpcaranco, *rifc>* r > le In tie c* t*r of tu ? - 
t **• , tfcrou'fc vfrlch the rnifc of tie safety fujK or 
flao*- free the limit! x. c^xr~o *7 be .ole- 
t**e renelader of the e*e. 

cr ntry ye- r- t* • ttiatln e~zl i i-* a !r. • • 

>* o rls- v i ’ r ’ lo ctni .© of •-*:-• rr * - 

•cJaete or ooo of V* * 1- rate nixt' 

r»; rlty of sfrfrn ct“ "store cofitain c y<y jtj *' r •■ it 
lr» 1 -r-i* 'oood lar^r^ , 're^i or.tly c-lled ref* . s* 

or **and cle.rc3 ccr*— ' » *i*e A*rr-ote as ■ aroi.-n vl- 
M_nate, eith the foll*rin o-'ventG-ea: tl<- r <' t • * 

«T< *cre ©c~::o?3lc?l # j *'t - a efficient, cs*d l*-n" • r- 

oua to 1 s-vufactur* «• 

■"o iRcr*rse the c^- r lrr--ent th* er. Ion*** c’ar - 
rnd lcncc to irrre •• fcN* e^pl-alvc pernor, v — r<? 
rrl’ein* chaises usuall” are loaded into t w < cl* IV -wScr 
'-•'rrrare. "Ids !a a etc.- • oreretfo' rn . v 
• r r '■ ote contro in v *i*c :llc pr op • Iacc * ‘a 1 

hr cyj, rot*ct!v© err' — >3. '"’te rr*-> * r» 1 * i/;t *« . ..- 

troll'-** cerr fully to ~p*T«rfc Cetonntlaa of * • 

sure* of CO to f' f^fiM r»r * tor< trr ( *V"«i — •• *s 
In* to arrroTin&tcl r r to C, n ‘ .s.i.) lev-* ^ • - - 
rlo . * any cl a • ••’**tituted for ere: .* ' ^ ’n- lo 



. 4 . 



1' n d*' - ^rs * r * 

t *• <-rea; —r^ury M^V*^ 1 rr n re r -^rt<"' t ~ t- 

'■*■ *• at an av«T« c ’**■■ * of £C4 po’n«la r +r • lotaec - 

‘w, ^rcas It'- ft* not »t ft • 

rr- r >o«src o* - r ' r *ir- •- . 



lfrctrle ?t~tjgtors 

In a tar. t one oua ei»c-ric (^tccatora easentially er 
*»o*.lvC fuse oDtonato: - r ‘*.rln-j an el* otrical ,u '■.■•*> i v 
l uitin* th© cx, losivo c T *r?e. J Ic.ter 1 rn Hep is 
ycrfoi»©u by a si ort 1 a*.*- of cine •l*e w r c *11—. jr.t 
wijrp fcjb^obed in a rorti o of tue ex loslv« ci . * * eitk- 
lit th# detcnctor. ©t* t • fUaeonfc wire, o; a, just- 
ly celled the ..rlcUe .1** , Id brou Ut to loco* • « •> • . o . 
t, tU aaaaje of nn ©1* ci<o current . Lro. : ■• * 

follcnr^n sequence of ••«etw occur: . c r^rk! < -‘a 

ax il-airo cl.ar;e In co. *v. rt *.tb t!-e hrl<- «. , - 

.a ’wually the I.nitiuL o.4*i. *, urn* or .1* - . .3 

.i.*%.ration of : a uu* *tlon of ■>• , ririo 

*, pidch In tum l.uterts ^tc.*etioo to tis» * -> 
c ar ©. lie co/yoq x> \. rotln. of the uet©, » .< . e*All, 
..I’oridin . a cw v>lnatJ«vi of thcroel an* ec. ani» 

^jIcvs, -r:n. eiout a* v4*tonation cf tU» 
of ^ . loaiv* . 



:1 



/be hlrh resist i t e.ll-dleaeter bridce x : 
la . robebly t! e aost tnportant It- \ of c atrcctioo :n 
ttx electric detonator. • v properties deslr-M In an 
1 reals-mco wire • " ro boon difficult to att«U\» 

-»nt be corrosion-reaistlna, have reletively r.; .*t* 
fte.jflil atrenith, have a ; wll resistance cbei n -14 tl*e 
temperature is incre'»o, -ast be constant in <■•1- tric-1 
rro'.-rtiee , and ah* Id htve low corroLrotive cot- • 
coca tent search haa ocn rcado In rece: t years to Tine 
ct or alleys for uae as 'rid-e wires. 

i'ose alloys have y i orally contained lot*., ti 
ae the baalc ‘-tal, *c oi the !aoot widely us- i * a 
bees raoc of pick not* an * 2 V* iriditra. .t c t*ooq - 
♦a i above required - i -wicol properties, at la 
oostly. notl- r l-tiou alloy that has been «. - *1 re- 
cently and t! at haa Ui her tensile fftrenrth, in east tit n 
to win cheaper per ’Wilt length, la ccatosci •• ' rt., 
U5t odiiai an\l hvil en. ra. lota widely ? orvl 
l*e« expensive alloy la nlcbrvme, of which the $v- nal 
analysis ia 6 -.1, 1. hrariun p.tju. SC iron. 

/ typical roalst* ;oe wire used ror brld a wee 
tk eve a diameter of • 1C Inch ant a lonrtb .12 
‘.neb. ©pending on the rnt^rial fren which it I a net* , 



It ay fcaro a reals of 2 • to 4 ohce p er ; >-*t 

an a tensile strensii 1 ( "" to 3 , posr 

par square Inch* A ate -*rd roll of euci wire, <. 

i 1 pound, will o ntr n 1 , to • , • 

In the electric detonators the o r wx.es >f - 
In'" contact bcfcwcon fcho ?irld;o wire en- the 1 nit loo 
c^r • , ores 

1* The brieve wire *ey 8K ly be eebe, _»x. in the 
loo«e 1 oitiorc chor-e* • ia ie often rofei; - v to »a 
the brld o pine type* 

C. .“ho bridge Tire aay ’je dipped into a viac -us 

j Oi.slon of the 1. nltl n char e In a solvent c *. ties 

dried to Tors an edberi; pellet, ccwaonly c*ll«»o *. 
ceac* coatin': of r.ifcrocellulose often la a^j»ll»*^ to 
tie outaide of t e bead to , rovide a protective t , 

3* .be uetchhe o typo of i nitlon la c- atr^eted 
c£ followsi Wo strips of . stal foil, aoldcrwC to zi\o 
end e? the 1c wire- , a*** neparatod y a flat stri t of 
li.sulatln material, arach as paper, and conr^eci-** - cros 
their ends by a abort l^<n~tb of -rid e wire 3ol" r*» • v 
occ . 3y dippin t e riive wire portion o: this - 

bly into a suspension o th* l~nition chcr-e In a rl*- 
t’l* liquid, follows- ey dry?n to rcriov V * H jU, 
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tb© rids© wire tee o»©e' « urrounded vifeb © rijid lo?-le 
of tb© fruit Ion char e. 

4« Ttc cavity type of i~r.it ion con, rices a aa i- 
ecr-llke, cylindrical, or prissatic cavity in cn*. W4 
of tb© bridge plu^. f ^rid-cwlr© li«a Tit l In tfo 
cavity and la sol>_e: e across tb© enc.3 cf ebe 1< elrre, 
flic do not projec; at of the cavity, ibe irrit r 
o ■' ■ osition, in T©t plastic forr, is t cn Inserts i to 
ttK cavity, t « aur eco ©-■'ootbod, end tb© co*r‘>sit ion 
ried. 

oaround electric «• fcoiiator8 ar© analo:oaa to - 
rowed fuse detonators; a single charge has been rc lac- 
'd by a compound char © cf tvo or tuc© indivis .-il ■ - 
< losive natoriala. *n© afeerlal r « gently nay .t colon 
or a • rvo cia both ignition c % art© and rrirainj c - 
la© a frequently, one rtorial *aay function or c - m ao 
all threo charges— i’.n ti' n, pririn-5, and base, 
cr: 1© cf a cor. round «?l*«:tr±c detonator with tv > cb»r-*vo 
ia that described by Kurravo (15), con- iotin of a -s- 
ctjcr © of a nixturo : 0 - dreary fulcdnate and ff v 

iotas iuo chlorate ar»l on i^nitlca composition of t^aic 
lvad etyphnato, 

lectric i *tonatora arc well s caled to -a* -s 
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l^^rvioua to -oiafc ro or to 'old a-d ■ *-r- * •• 
il< K rid, o wire. fhov hove ood eat c-r-ro ' ia *:*.-> c :r- 
^••rtrrlatica and firr 1 , ei< used in vet i>l* >1'. 
o*^r ticr.o where coo-2tl r va are pot too a* *r< . '-«»wwr, 

for un creator bloat n , w exc the wat«*r r» i - 
feir* or tbo tine o* i*' relon etry -® Ion-, sr* * c — 
•-■rise or watorpro-f electric detonators arc • • 

diJtic Mehieg feature of suhEsarln© el ctric ^etoeete 
! s t o In-er shell, «lti an extra quantity of 'sat »r- 
r"'ofin,r; aaterial e loy-e • 

"he ’ sjsal typo of r .1 used ia a cc-posLte 
n c bri'-e ylur is -r <- 'it rr.t* *»r tlrbfcly • : ofc 

'•■S'-’ ted into the loauc •’ oil, followed by i *!•• * 

v’y^oua char'© of aa r 'eHic itnr al tro ni It 
. 'u*' 1 a a r el eon-wlr • o" ''I t! *lj !<:«.• 

a>ells and ’&9 t '.c a*i ' - ‘ '.cl diaa-2 t:.ta * f .‘ «.t \ s 
ro‘* ; lotol cc*:i»f - * t-^ry *•' on exposed to e*irc < 
ter «ret urea* Jt 1 *1 to oraturea, t1*« ny -alt ■**? 

• It, ~ir 7,-lt. tt* i * ' i» or . rlaln char o, n' 
ee '.alt l*e it, thus c®<cs' tie .-•to-ator t«> ft-i': tn 

f*r»ctIor., 1 t lew tc -ora ores t k o co-halt ia* c-W.iwct 

or*. croc- , t'ms yrrvt ' is • t* 'ntr*7 or -.cisture *t#n 
< ft • »tor ia err w^' nor~#l t^ orator * 
tMi type of e^al the &r.-»*ltle rt'-r’.al la ly 



lntrrlid co the we*-: — *fln s j j: teno* . 

ecently a novel a!«> le a el has cae • w«»*afe- 

ln of a doubly orirpad synthetic rubber lu • Ms 
aecl baa permitted a niot shorter abell to '•* >-av ; > l20 
ain le Inc ^bustible a<ela cf Mass or of a ssi’ ■ le 
-'*tcl, aucb as co; per, :, t^33, or aluninun, la *- **«• 

r • sod. A fcbarsopla-tic j* sin seal, consistin' of 
^?>e of the syntl-atle or vole olyaera , a ch as 1 

■et ucrylate, etbyl coll' lose, celluloao ocetct- , 
t'm vinyl halide colyrwrs, also have been evelor* • 

.olaj 1 c r c tonatoro 

Just as an ©1 ctrlc etonator nay bo vis.-dl-**- us 
a fuse detonator, nit I r ride -Ire a~ cew* ly on- sal, 
a -*.1*7 it ctrlc K.SB^+r ■. *»/ c l.a ico- as • j . lc- 
trlc ctoostor wit!* . .-lay *lwi. nt, or , eu .<r n . 
i.«>v.tod betwen th- rl •• wire as e^bly i-nd tie *x- 
,1 slvo charge, ela. detonators Tire at def i, lw 
rt Intervals after tL<o electric circuit ic *loe^ j 
tbeue intervals ran je .f*w approximately 1 to i oc . n a, 
ac- c.-dinj to tic delcj the deto..etor. .7 t tio. -*May 
•*1 ctric :etonalors, It is possible, *Itb cne * - 

t: « of cu.rent, to fire a series o' abota in i^*te . on 
or ccesslcn, at s *• •. reasene ly re ro*ricible 









loti : vala of tla». 

.elay electric ot.-.i tora have eon icpi or re- 
-«»r*ably Curie the It t 1 yearn; t*o ern .'ole;- c’-vena- 
tors are less bulry, c'« >ro relic lo flrln c- ' -•ae- 
teriatics, may be ua d un* or water en or© or© ‘.©ally 
e*n actured. 

'hor© ara two principle typos cf relay electric 
dritonatoro , those bavin • ©at ''or tba csc< . o of • , 

and thooe that are ^oetle-o. ccecs ul c* . cantors 9f 
to l&tt r type ere a :-«-•?» nt e-olorent. rasa a .» 0. 
an electric current titrouh tfco brid~e wire br^ > •* it 
to Incandcacenco an n/a.^ea tie 1 nition etertal. 

fla^e thua roducc-. acta lire to tba Cola; •" #r , 
vrich ia pressed into a -»tal tube. Jhe longer t*ae 
delay powder train, fcho 1 n er will be the ela; tlae 
of fcfcc detonator. on tr-o delay feeder bao us j • : 
to tte opposite end of be tubo, it 1 nitoo t\.* rii»- 
1 t cUirre, which than f Ire* the detonator. 

be ti-e require*- « or the delay powder to ic 

►ic ly laportant, for 1' t o delay powucr buma 
rcrldly in one detonator an in otier etonators of t: e 
ao ,< .jcla period, t e ir*t aotonatcr will fire t<j* -u- 



turoly, 



«lay electric ■- “ktcra with a e::t l < r . c.>y 
sitton that produaee r ?<u uron ’-urnln . T f tN?ee 
|M<« ijcre not allowed t escape, they wo'ld cause 
pro sure to bu*ld up, ’ !cb wo^ld accelerate t to © **►<* of 
•’’irnln* of the — *lc' * • f - ‘ ■ 1 cc”uso aatui ■: fir* * 
of l© otanctor. -j.t.' »lcy •:« ten* tors ha"" i - • el 
Clsodvanta es. y >'-r+ rt cnorally actlafaetory *cr 
uder outre e - oe a of eater because tbo v nt 
tides a possible point «f entry for water. *roide*>feol 
pluigia* of the vent • the detonator is fir* -£ay 
ccaso a preoature esrl alon. ur the more , ©sc*- » of 

tot ases n ay cause tec ar~e to burn and this 
envelop i'sto an at tea-, tat rreaeture detonatic , 

Decau. e of the . &' vanta ©3 of the vtnted tr. - * 

>la detonators, acrlc- effort a have beta wio to 
ai'-alor a satisfactory >sll<i8 delay detonator. 

'-rohlea has narrouwd to - In-tn- a delay coc osltl*ai 
wtleh, when It burned, '-j 1 do ao at a ’Xilfor rat** «'.o 
wojI nrodwee an ewtt*«fwi«? c.*o ilccl reaction wltivnt 
t * evolution of ".ft*" . ooitl'.n of CO !u 

ice sad 10 loi r;’ _ • -re '' :nd er> aubsoiurietly 

^3-* in a eeanerclal via* • ctrle detaict r »•'* * *t 
was ound i occis. il, la type of dot oator M m*.\n 



soltablo for use mdtr water thaa tie v* 'te. tj. ■ . 

? o rartLae noc< r Itj foe ran fcct-rin. -2 - r.t re 

in no part of t. © Id ft r it© In mother, Ir . ■* : ::* 

fct. froM'-- of cor.st:r ct' n .'etor^fcf'i’o to fuscti.vj ot- 
tefactorily in extr ■»© of 'lb at©, 

cT-io Ion 

lb try and cover all plmscs of detonators an 
-etonatlon, from the c'T-^relal and military star*, oinfc, 
would bo on endless # Ibe two thoorlcs of et ■ 
tlon covered represent both an early and a -nor* : cant 
theory; still aoco of the sere problems are left unsolv- 
ed, It is necessary, therefore, that a contln oj at by 
o nade in tho theory of detonation in order to * cor- 
t min the detonators tut are coci^nod and built t Jty 
do the tent job, v«r~ irh crcer explosive le 

detonated and the aore Vs owled-e we have on ti>* e'fi- 
c'<ncy of tho various tyres of dotonatoi’a, t» e **« cer- 
tain we are that the rr rimes power is ©in o t' rod 
fro** the explosive. 

In the :evelo ^ rt of new weapons, all tho scienti- 
fic sMll end effort to design and bull- tU roapon 

will have teen trust" if the snail, alcoat inai;-; .. cant 



otonator, Coca not function at tbo ’•‘roper fci**t - 
In the proper nann^r. •l^n'* Tifct Cevelo ••cnt oi‘ "vet 
• ~ losivos nuat ccr’O tN. r'.oveloment of better, 
ef Icient detonator . 
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